ABSTRACT. Human lymphocyte antigen (HLA)-DR-typing was performed in 117 insulin
It is well established that camers of certain HLA types have an increased risk of developing insulin-dependent diabetes mellitus. Thus, B8 and B15 are significantly overrepresented (3, 9) and B7 is rare (6) among patients with IDDM. Recently, it has been shown that IDDM is even more closely associated with DR3 and DR4, while DR2 is almost never found. (2, 10, 11) . Most earlier studies were conducted in patients with adult onset. We wanted to study diabetic children, a more homogeneous group, to assess whether there are any differences in the early manifestations of the disease between patients with HLA-DR3 and HLA-DR4 haplotypes.
PATIENTS AND METHODS
The study included 1 17 insulin-dependent diabetic children, 58 girls and 59 boys. As all juvenile diabetics of the areas come to our clinic, there was no selection of patients. Thus, these patients presumably were representative of IDDM patients in Sweden. Ages at onset varied between 0.5 and 17 years (mean f SD, 9.0 & 3.9). The blood glucose level at onset ranged from 13.9-60.0 mmol/liter (25.0 & 11.5) and 85% of the patients had ketonuria. Mean blood glucose for all patients during the first 7 hospital days was 7.8 f 3.7 mmol/liter. All patients were treated with monocomponent insulin (Novo), diabetic diet, and the recommendation of physical exercise. With few exceptions, the patients tested their urine every day with Clinitest (2-drops method). The results were registered in a diary reviewed by the doctor at the hospital visit every 2-3 months. In addition, during the last 4 years, several patients conducted blood glucose measurements at home. All home tests were validated by hemoglobin A 1 measurements.
Control data were developed from 15 1 healthy Swedish subjects in whom HLA-A-B-C-DR and MT frequencies were measured.
HLA-A-, B-, and C-typing was performed on Ficoll-Paque (Pharmacia Fine Chemicals) separating lymphocytes according to the method described by Kissmeyer-Nielsen and Kjerbye (5) as well as with National Institutes of Health techniques slightly modified for Hamax trays (Hamax Industries, Moss, Norway). HLA-DR and MT typing was performed on T-cell-depleted lymphocyte suspensions according to the long workshop protocol with slight modifications for Hamax trays. Partial remission has been defined (according to the recommendation of the International Study Group of Diabetes in Children and Adolescents) as a continuous period of at least 1 month early after onset with absent or minimal glucosuria and an insulin requirement of less than 0.5 IUjkg body weight124 h. (1) Statistics. The relative risk (RR) values have been calculated according to Woolf (15) and Svejgaard et al. (13) and indicate the relative frequency of the disease in a group of individuals carrying the antigen relative to a group lacking it. The significance of the difference between a given HLA frequency in the patient and control populations was evaluated by Fishcr's x2 test with Yeates' correction for a two by two contingency table.
Corrected p values (p,,,) were calculated for antigens previously unknown to have any relationship to IDDM.
In the analvsis of relations between HLA tvDes and clinical manifestations, we have used the x2 test and miltiple regression analysis. Multiple regression analysis was used in an effort to relate the dependent variable to a function of background variables. Results are presented (Table 4) as the observed values of Student's t test, partial correlation coefficients, and associated p values. The correlation coefficient serves as an estimate of the correlation between two variables in samples comprising individuals who are alike with respect to the remaining background variables considered.
RESULTS
Antigen frequencies and relative risk values are shown in Table  1 . As expected, the frequencies of the antigens B8, B15, Cw3, Cw6  DR I  DR2  DR3  DR4  DR5  DR7  DR8  DRw9  MT I  MT2  MT3 DR3, and DR4 are increased and those of B12, B27, DR2, and DR7 are decreased. The MT3 antigens, as defined by sera of the 8th Histocompatibility Workshops, is more frequent among the IDDM patients than among the controls (corrected p values of 0.0042). Observed and expected DR phenotype combinations are shown in Table 2 . HLA-DR types in relation to age at onset of diabetes are illustrated in Figure 1 . Thus, DR4 is especially common among children with very early onset, e.g., before the age of 5 years, and during puberty, whereas children with DR3,4 have an incidence peak in prepuberty. Children with DR3 manifest no clear tendency. Seasonal variation of onset (diagnosis) data are shown in Figure  2 . While DR3 patients fall ill at various times during the year, there is a tendency for DR4 patients to have diabetes diagnosed during the spring and autumn months (Table 3) . DR3,4 patients have diabetes diagnosed most often during summer and winter months. Some infections, usually regarded as viral during the last 3 months before onset, were recorded in 38 patients. Two patients, both with DR3, had mumps 2-3 months before onset of IDDM. There were no other relationships between infections and HLA-DR types. Patients with DR3 alone had mild symptoms at onset, and manifested a lower prevalence of ketonuria ( p < 0.01) ( Table 3) . Patients with DR3 more commonly had a partial remission ( p < 0.0 I) which persisted longer than 6 months ( p < 0.001) compared to other patients. This DR3 relationship to remission could be seen even when other factors of importance were kept constant (Table 4) . Patients with DR3,4 had a picture more similar to DR4 than DR3 patients with about the same tendency to ketonuria and severe symptoms during the 1st wk and less frequent remission.
DISCUSSION
Our results on Swedish children confirm earlier studies that DR3 and DR4 alone or in combination are much more common in insulin-dependent diabetics than in healthy controls. These markers were demonstrated in 115 of 117 diabetic children, a prevalence more common than reported from studies of adults. Some 97 of 1 17 (82.8%) had DR4 alone or in combination with some other antigen, while only 15 patients had DR3 alone. Only two patients had DR2 but both also had DR4.
The increased MT3 frequency in the patient group probably is caused by the strong association between the MT3 and DR4 antigen (4). However, it is not yet iuled out whether the serological reactions defining the MT specificities are due to antigens from a single locus or include products from several DR-linked loci (14) . In patients with onset at younger than the age of 5 years, DR4 alone predominates, while a combination DR3,4 is more frequent in children with disease onset during school age with a peak in prepuberty. In children with onset during early puberty, DR4 also is common. Not only is there a different age at onset among patients with different HLA-DR types, there are seasonal variations of onset and differences in severity of the disease at diagnosis in relation to HLA-DR types. These tendencies support the hypothesis that patients with DR3 and DR4 have two different types of IDDM, maybe with different etiologies (2) . Thus, while we found no seasonal variation among the DR3 patients we do see such a variation for DR4 patients as well as a parallel seasonal tendency in those patients with both DR3 and DR4. The incidence peaks during spring and autumn in our group of patients with DR4 has usually been regarded as associated with the occurrence of virus infections and thus has come to be regarded as support for the hypothesis that a virus is involved in the etiology (8) . This could fit well with the tendency of DR4 patients to develop IDDM very early in life as children are exposed to many virus infections. However, there are other possible etiological mechanisms. The incidence curve in Figure  1 for DR4 patients is reminiscent of the growth velocity curves during different periods of childhood. The known seasonal variation of growth in normal children may well fit together with the seasonal variation of onset of IDDM. The parallel seasonal tendency of diabetes onset between DR4 and DR3,4 can only be spehlated upon. Either this is quite random, or patients with both DR3,4 might get their disease somewhat earlier after the triggering mechanism: they have both the features associated with DR4 and with DR3. Another possibility would be that patients who are DR4 homozygotes are more susceptible to 0-cell destruction because of viral infections. Those patients with DR3,4 develop their disease a bit later; the initial damage is less severe but suMicient to initiate a process which gradually destroys the P-cells.
Our observation that DR4 patients tend to have more severe disease at onset (higher blood glucose levels, more frequent ketosis and severe symptoms) than patients with DR3 could be interpreted either as an indication of a more dramatic onset among the DR4 patients (e.g. because of an infection) or as a result of a more gradual onset of IDDM in patients with DR3. In any case, our results suggest that patients with DR3 have a different type of diabetes with less severe onset and a greater likelihood of partial remission, perhaps because of less pronounced P-cell damage ( 12) .
HLA-B8 and DR3 have been found to be associated with islet cell antibody persistence (7), and it has been proposed that there should be a heterogeneous immunopathogenesis of IDDM, with HLA-DR3 predisposing to endocrine or autoimmune disease and DR4 to increased viral damage susceptibility (2). Our results are in accordance with such a hypothesis, although it should be pointed out that mechanisms other than viral infections, such as hormonal variations, may play a role for the onset of IDDM in individuals with HLA-DR4.
